The enzymatic digestion of a Kintoki bean lectin in vitro resulted in neither the extensive hydrolysis nor complete inactivation of the lectin. The majority of [3H]lectin administered to mice by stomach intubation was found in the digestive tract at levels of 88.7%, 99.4%, 99.5% and 78.6%, after 0.5, 2, 5 and 24h of intubation, respectively. Twenty to forty percent of the administered radioactivity was found combined with the mucosa of the small intestine. After 24h of intubation, part of the radioactivity was found in the feces. The recovery test of hemagglutinating activity and the molecular weight determination of the lectin administered to and recovered from mice revealed that more than 70% of the radioactivity detected in the digestive tract represented intact lectin. Therefore, it was concluded that most of the Kintoki bean lectin survived its passage through the gastrointestinal tract. The lectin-binding sites in the intestinal mucosa were traced with fluorescence microscopy using the lectin conjugated with fluorescein isothiocyanate. The fluorescent sites were found located at the top and upper sites of the villi, but not at the crypt.
RESULTS AND DISCUSSION

Digestion in vitro
The hemagglutinating activity of Kintoki bean lectin was not affected after 2h of digestion by any of the four enzymes. After 4h of incubation, the activity was least reduced by pepsin and cathepsin, but lowered to the extents of one to two well difference on a titer plate by trypsin and chymotrypsin. Table 1 shows the results obtained with an enzyme versus lectin ratio of 1:50, by weight.
Results obtained with other ratios of 1 to 20 or 1 to 100 were similar to those for the 1 to 50 ratio (data not shown). In the right-hand column in Table 1 are shown the recoveries of intact lectin as measured by gel filtration on HPLC. The recovery was 100% or very nearly, as far as the hemagglutinating activity remained unchanged, but resulted in a detectable decrease to about 87% in the 4-h digestion with trypsin or chymotrypsin where the hemagglutinating activity also decreased to a noticeable extent. However, the decrease by titer 1 in the hemagglutinating activity should be accompanied theoretically by an approximate 50% change in the recovery of intact lectin on gel filtration. The absence of quantitative correlation between the present two measurements is probably due to the semiquantitative data on hemagglutinating activity obtained by the naked eye. Successive digestion with pepsin and trypsin or with pepsin and chymotrypsin gave results similar to those obtained by the digestion with the individual enzyme. Consequently, the suscepti bility of Kintoki bean lectin to trypsin or chymotrypsin does not appear to change after treatment with pepsin, indicating that the lectin is highly resistant to pepsin. It Table 1 . Hemagglutinating activity (1% mouse blood cells) and peak recovery on HPLC after enzymatic digestion of Kintoki bean lectin (enzyme/lectin (w/w)=1/50) .
aThe recovery was calculated from the area of peak corresponding to intact lectin .
was reported that soybean lectin was rapidly hydrolyzed by pepsin, but that Phaseolus vulgaris lectin was not completely inactivated even after 6days of incubation with pepsin (9) . Thus the lower toxicity of soybean lectin can be explained by its higher vulnerability to digestive enzymes. In view of the relatively high resistance to digestive enzymes, Kintoki bean lectin seems to have a chance of exhibiting its toxicity in the digestive tract before being hydrolyzed in vivo. Table 3 . Percentages of intact lectina in each part of digestive tract determined by SDS polyacrylamide gel electrophoresis (%).
aThe ratio was calculated from the counts from the gel segments correspondin g to 0.35 -0.45 mobility.
87.5%, 96.5%, 97.2% and 58.4% after 0.5, 2, 5 and 24h of intubation , respectively. High counts indicated considerable binding to the intestine . The binding ratio reached a maximum of 39.4% of the total lectin administered at 2h and gradually decreased to 18.2% at 24h. Counts became detectable in feces at 24h . However, these radioactivities might be due to some hydrolyzed lectins.
To make this point clear, aliquots of all the samples were subjected to SDS 10% polyacrylamide gel electrophoresis. In the samples other than those from the digestive tract and feces, few counts were found at the mobility of 0.4 where in tact Kintoki bean lectin was to be located, but significant counts at the mobilities higher than 0.4. Therefore, we assume, as regards our detectability, that most of the radioactive materials absorbed by mice may not represent intact lectin. This is in contrast to the findings of Putzai et al. that an immune-precipitate from the serum of rat fed kidney bean contained the subunit of lectin (19). Results obtained with the samples from the digestive tract and feces are summarized in Table 3 . Most of the values in Table 3 are over 90% indicating that the ingested lectin is fairly stable in vivo. But in the contents of the caecum, the radioactivity at around a mobility of 0.4 representing 88.7% for 2-h fragments, was detected at mobilities of 0.6-0.8 in these samples. Similar results were obtained with samples from the large intestine. In the caecum, the large intestine and the feces, part of the lectin was apparently decomposed by enzymatic and probably bacterial actions. Figure 1 shows the distribution patterns of intact lectin (free and bound) in the digestive tract of mice at four different time intervals. The percentages were calculated on the basis of the total radioactivities present in the digestive tract at each time as 100% and corrected for the recoveries from SDS-PAGE to represent specifically the amounts of intact lectin. Free lectins in stomach, small intestine 1 and 2 amount to 10-20% after 0 .5 to 2h of ingestion, and afterward most of them moved down to the lower small intestine, the caecum and the large intestine where the lectins were found to be largely in the free state. Little free lectin was found in stomach and small intestine 1 and 2, after 24h of ingestion. On the other hand, the distribution patterns of bound lectin indicate that a considerable part of the ingested Kintoki bean lectin quickly binds to the small intestine, and remains bound especially to small intestine 2 and 3 for at least 24h. The total amounts of the bound lectin were the highest, approximately 40% of the total present in the digestive tract, at 2h after stomach intubation and about 20% were still bound after 24h. The bound lectin seems to be gradually liberated from the tissues with time. Little binding occurred in the stomach, the caecum and the large intestine.
2) Hemagglutinating activities of the lectins recovered from digestive tract after their stomach-intubation. The behavior of Kintoki bean lectin in the digestive tract was examined using [3H]lectin by identifying the lectin on SDS PAGE. The main conclusion drawn from this experiment is that the lectin ingested orally is not easily degraded, and moves in the gut with some being bound to the tissues. We have already proven that Kintoki bean lectin is toxic to cultured animal cells (15) . If the lectin retains its activity during its passage through the gut, it will be possible for the active lectin to exhibit its toxicity on the epithelial cells in the small intestine. In an attempt to examine whether the lectin is still active in the gut after ingestion into the mouse, we assayed the hemagglutinating activities of the contents recovered from the gut mice administered with Kintoki bean lectin ( Table 4) . As lectin bound to the intestines could not be intentionally liberated for the assay , the Table 4 . Hemagglutinating activity recovered from contents of digestive tract (%).
10mg lectin (25,200 units) was ingested by each mouse. Lectin bound to intestine was not taken into account.
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recovery was as low as 30% of the total activity ingested after 2h of intubation when the binding was supposed to reach a maximum degree, while it increased gradually to 59% and 83% after 5 and 24h of intubation, respectively, as the lectin once bound was released in vivo into the digestive contents with time as shown in Fig. 1 . If the bound lectins are taken into account on the basis of the results shown in Table 2 , the recoveries in the hemagglutinating activity will be over 70% in total at all the incubation periods. Consequently, it is concluded, as similarly as in the experiment on the movement of [3H]lectin in the gut, that the majority of the ingested lectin passes through the gut, retaining a large part of its hemagglutinating activity. Higuchi et al. reported similar results for winged bean lectin (6) . It is noteworthy that the feces collected after 24h of intubation contained some active lectin. About 30% of the ingested [3H]lectin was found in the feces as shown in Table 2 , but the amounts calculated from the hemagglutinating activity represented only 7% (Table 4) . Slow but steady progress of lectin digestion is suggested by the findings that only 65 to 70% of radioactivity represents the intact lectin in the caecum, large intestine and the feces after 24h of intubation (Table 2 ).
Binding to intestine in vitro
Judging from the hemagglutinating activities of the contents of the gut, Kintoki bean lectin seemed not to be rapidly hydrolyzed in vivo. Therefore, there must be time enough for the lectin to exhibit its toxic functions before being inactivated in Histological observation of the lectin binding to intestine 1) Treatment in vivo. To ascertain the binding of the lectin to small intestine visually, mice were allowed to ingest FITC-lectin by stomach-intubation, and 2h In conclusion, Kintoki bean lectin is neither hydrolyzed nor inactivated in the stomach but moves into the small intestine in an active form. In the small intestine, little is hydrolyzed and considerable amounts of the lectin bind to the intestinal mucosa. The bound lectin remains there for a relatively long period with little being absorbed or degraded. And a large portion of free lectins passes through the digestive tract, maintaining hemagglutinating activity. The binding of the lectin to intestinal epithelia must result in the retardation of the intestinal digestion and absorption of nutrients (8) . In addition, Kintoki bean lectin depresses the rate of cell division as well as other general cell activities on the villi (15) . Thereby, the oral toxicities of the lectin are considered to be brought about by the reduction of enzyme secretion (21) and finally by the inhibition of membrane degestion absorption (19). A possibility of direct enzyme inhibition by this lectin has not yet been excluded. In our preliminary experiment, we observed a significant decrease in the transport of amino acids and sugars in the small intestine of mice having ingested Kintoki bean lectin. The mechanisms of the inhibition of nutrient absorption and other changes occurring following the binding of lectin to intestinal surfaces are under investigation in our laboratory.
